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ABSTRACT
We systematically investigate the outflow structure of GW170817 in comparison with a sample of
27 cosmological short GRBs by modelling their afterglow light curves. We find that cosmological
short GRBs share the same outflow structures with GW170817, relativistic structured jets. The jet
opening angle of GW170817 is 6.3+1.1−0.6
◦, which is consistent with that of cosmological short GRBs
(θ0 = 6.9
◦ ± 2.3◦). Our analysis indicates that GW170817 is viewed off-axis (θobs = 30+7−4◦), while
cosmological short GRBs are viewed on-axis (θobs . θ0). The exceptional properties of the GW170817
afterglow can be explained by the difference in observation angle alone. We demonstrate that the
light curves of the GW170817 afterglow, if viewed on-axis, are consistent with those of cosmological
short GRBs. Other properties of GW170817, such as Lorentz factor Γ ≈ 150, spectral index p ≈ 2.15,
isotropic equivalent energy Eiso ≈ 8×1052 erg and interstellar medium density n0 ≈ 10−2 proton cm−3,
fit well within the ranges of those of cosmological short GRBs. The similarity between the GW170817
outflow structure and those of cosmological short GRBs indicates that cosmological short GRBs are
likely neutron star mergers.
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1. INTRODUCTION
On 17 August 2017, LIGO/Virgo detected the first
binary neutron star (BNS) merger event, known as
GW170817 (Abbott et al. 2017). Approximately 1.7 sec-
onds later, the Fermi space telescope detected a weak
short-duration gamma-ray burst (GRB), GRB170817A,
with an inferred sky location coinciding with that of
GW170817 (Goldstein et al. 2017; Savchenko et al.
2017). After intensive multiband monitoring, a long-
lived GRB afterglow was detected at radio, optical and
X-ray wavelengths (Alexander et al. 2017; Haggard et al.
2017; Hallinan et al. 2017; Kasliwal et al. 2017; Margutti
et al. 2017; Troja et al. 2017; Alexander et al. 2018; Do-
bie et al. 2018; Lyman et al. 2018; Margutti et al. 2018;
Mooley et al. 2018a,b; Nynka et al. 2018; Piro et al.
2018; Resmi et al. 2018; Ruan et al. 2018; van Eerten
et al. 2018; Lamb et al. 2019).
Compared to classical short GRBs, the γ-ray emis-
sion and the afterglow from GW170817 displayed ex-
ceptional properties. Located in NGC 4993, an ellipti-
cal galaxy at a distance of 39.5 Mpc (z = 0.00973), it
is the closest burst among short GRBs with host galaxy
identifications and has the lowest total gamma-ray en-
ergy ∼ 1046-1047 erg (Fong et al. 2017; Goldstein et al.
2017; Savchenko et al. 2017). For comparison, classi-
cal short GRBs are at cosmological distance and typi-
cally have γ-ray energies of ∼ 1050-1052 erg (Fong et al.
2015). The afterglow from GW170817 had a late onset
at ∼ 9 days (Margutti et al. 2017; Troja et al. 2017)
and a steady brightening up to ∼ 100 days (Hallinan
et al. 2017; Lyman et al. 2018; Mooley et al. 2018a; Ruan
et al. 2018). The afterglows from classical short GRBs
are typically detected shortly after prompt emission and
display a general decline (sometimes accompanied with
short-lived plateaus and flares) (Fong et al. 2015).
Two leading models were proposed to explain these ex-
ceptional behaviors of GW170817: a relativistic struc-
tured jet viewed off-axis (Kathirgamaraju et al. 2017;
Lamb & Kobayashi 2017; Alexander et al. 2018; Be-
niamini et al. 2018; D´Avanzo, P. et al. 2018; Gill &
Granot 2018; Lazzati et al. 2018; Lyman et al. 2018;
Margutti et al. 2018; Resmi et al. 2018; Troja et al. 2018;
Xie et al. 2018) and a mildly relativistic quasi-spherical
outflow (Bromberg et al. 2017; Kasliwal et al. 2017; Ho-
tokezaka et al. 2018; Gottlieb et al. 2017; Mooley et al.
2018a; Nakar et al. 2018; Xie et al. 2018). A heated de-
bate concerning the post-merger outflow structure was
raised, since these two models, though significantly dif-
ferent, both succeeded in explaining the observed late
onset and early brightening.
Wu & MacFadyen (2018) analyzed the multiband
GW170817 afterglow data with the physically motivated
analytic two-parameter “boosted fireball” model for the
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2outflow structure after it has expanded many orders
of magnitude larger than the scale of the central en-
gine (Duffell & MacFadyen 2013a). This model en-
compasses a family of outflows with structures varying
smoothly from a highly collimated ultra-relativistic jet
to an isotropic outflow. By performing MCMC analysis,
these two leading outflow structures, along with gen-
eral outflow structures, can be directly compared and
distinguished. The fitting results favored the relativis-
tic structured jet viewed off-axis and the quasi-spherical
outflow was ruled out due to significantly larger reduced
χ2.
Several other studies also supported the relativistic
structured jet model. Lamb et al. (2018) demonstrated
that two models have different behaviors with respect
to the decline of the post-peak afterglow. The ob-
served steep decline indicates the relativistic structured
jet (Lamb et al. 2018; van Eerten et al. 2018; Lamb et al.
2019). Mooley et al. (2018b) reported Very Long Base-
line Interferometry (VLBI) observations, which indicate
a superluminal proper motion of the radio counterpart
of GW170817. Zrake et al. (2018) analyzed the proper
motions for the two leading outflow structures and found
that both outflows are consistent with the VLBI obser-
vations.
Given these extensive studies, it is generally accepted
that GW170817 has a relativistic jet-like structure,
which leads us to ask: if GW170817 is a typical short
GRB viewed off-axis, do GW170817 and short GRBs,
in general, share similar outflow structures? Are all
cosmological short GRBs are neutron star mergers?
In this letter, we present a comprehensive comparison
between GW170817 and the short GRB population. We
apply the same tools developed in Wu & MacFadyen
(2018) and directly compare the outflow structures of
GW170817 with those of a sample population of short
GRBs (Fong et al. 2015). In Section 2, we give a brief
overview of the boosted fireball model. Section 3 de-
scribes the dataset of 27 cosmological short GRBs. The
results are summarized in Section 4 and discussed in
Section 5.
2. METHOD
The idea of boosted fireball model is that a fireball
of specific internal energy η0 is launched with a boost
Lorentz factor γB (for details see Duffell & MacFadyen
(2013b); Wu & MacFadyen (2018)). Due to relativistic
beaming, the outflow has a characteristic Lorentz factor
Γ ∼ 2η0γB and a characteristic jet opening angle θ0 ∼
1/γB . Depending on the two parameters, η0 and γB ,
a family of outflow structures can be generated, from
a highly collimated ultra-relativistic jet to an isotropic
fireball. Because of its flexibility, the boosted fireball
model can serve as a generic outflow model, which is
suitable for investigating a population of cosmological
short GRBs.
The parameter space of the boosted fireball model
consists of hydrodynamic parameters (η0, γB , the ex-
plosion energy E0, and the interstellar medium (ISM)
density n0), radiation parameters (the spectral index p,
the electron energy fraction e and the magnetic energy
fraction B), and observational parameters (the obser-
vation angle θobs). By performing an MCMC analysis in
this parameter space, we can explore a family of outflows
viewed from different observation angles and automati-
cally find the best-fitting parameters.
To enhance fitting performance, E0 and n0 are
made dimensionless, E0,50 ≡ E0/1050 erg and n0,0 ≡
n0/1 proton cm
−3, and are transformed into a logarith-
mic scale. The boundaries of the parameter space are
log10E0,50 = [-6,3], log10 n0,0 = [-6, -1], η0 = [2, 10],
γB = [1, 12], θobs = [0, 1], log10 e = [-6, 0], log10 B =
[-6, 0] and p = [2, 3]. Since most short GRBs occur in a
low-density environment (Fong et al. 2015), we set the
boundaries of density to be log10 n0,0 = [-6, -1]. The up-
per boundaries of η0 and γB are limited by the expense
of the hydrodynamics simulations. Higher Lorentz fac-
tors are computationally expensive for parameter space
study. Considering quasi-spherical outflows usually have
wide opening angles corresponding to γB ∼ 1-2, our pa-
rameter space is large enough to distinguish jet-like and
quasi-spherical structures.
By making use of the scaling relations in the hydro-
dynamic and radiation equations (Van Eerten & Mac-
Fadyen 2012; Ryan et al. 2015), we are able to generate
synthetic light curves in milliseconds, which allows us
to perform MCMC fitting in a reasonable amount of
time. However, scaling relations also result in degen-
eracies between E0, n0, e and B . In practice, we ob-
serve broad posterior distributions for these parameters.
Even though degenerate parameters exist in our analy-
sis, other parameters (η0, γB , θobs and p) are robustly
constrained. The uncertainties of degenerate parame-
ters can be incorporated into the marginalized distri-
butions of non-degenerate parameters. In Wu & Mac-
Fadyen (2018), we demonstrated that the medians of
marginalized distributions under two scenarios, free and
fixed density, were consistent.
Samples are generated by the parallel-tempered affine-
invariant ensemble sampler implemented in the emcee
package (Goodman et al. 2010; Foreman-Mackey et al.
2013). We set 10 temperature levels and 100 walkers
per level for the sampler. The walkers are initialized in a
small ball near the maximum of the posterior, calculated
3through trial runs. We drop the first 5,000 steps as burn-
in and perform analysis on the following 5,000 steps.
3. DATA
We consider a catalog of afterglow observations, con-
sisting of all short GRBs from 2004 November to 2015
March with prompt follow-up observations (Fong et al.
2015). Redshifts of these bursts span from z = 0.12 to
z = 2.6. The observational data of GW170817 is taken
from Alexander et al. (2018); Margutti et al. (2018); van
Eerten et al. (2018).
Afterglow light curves of short GRBs are sometimes
subject to early-time effects, such as steepenings (GRBs
051221A and 111020A), plateaus (GRB 051221A) and
flares (GRBs 050724A and 111121A). Since the boosted
fireball model assumes the outflow has already expanded
far from the central engine, it is not designed to explain
these early-time features, which could contaminate the
afterglow emission and significantly affect the fit. Thus,
we trim the early light curves to ensure the model is
applied to the appropriate regime.
Due to the small number of well observed short GRB
afterglows, we would like to include as many short GRBs
as possible. Even though fits are performed in an eight-
dimensional parameter space, we restrict our analysis to
all known 27 short GRBs with at least 6 data points. For
13 short GRBs that do not have a determined spectro-
scopic redshift, we assume z = 0.46, set by the median of
the short GRBs with known redshifts (Fong et al. 2017).
Of the 27 short GRBs, there are 26 X-ray detections, 23
optical/near-infrared detections and 4 radio detections.
Four bursts have detections in all three bands. Eigh-
teen bursts have both X-ray and optical/near-infrared
detections. Five bursts are detected in only one band.
4. RESULTS
4.1. Goodness of Fit
We perform MCMC analysis on the afterglow light
curves of GW170817 and 27 short GRBs. The quality
of the fits varied from burst to burst. For light curves
with enough data points, we can use χ2/DOF to deter-
mine the goodness of fit. To be counted as a good fit,
we require χ2/DOF ≤ 3 for bursts with enough data
points. Since we allow the number of data points to
be less than the number of dimensions of the parameter
space in order to incorporate more bursts, the degrees
of freedom can be zero or even negative, which makes
χ2/DOF meaningless. Thus, we use χ2 to determine the
goodness of fit and require χ2 ≤ 10 for a good fit. How-
ever, there are cases with low χ2 or χ2/DOF, but the
fitting light curves are choppy and subject to overfitting,
which we consider bad fits.
We find GW170817 and 14 bursts have reasonably
good fits. For 13 bursts, we are unable to find good
fits. There are several factors that could lead to a low
quality fit: a lack of enough data points, too much noise
in the data, the quality of synthetic light curves and
violations of model assumptions, such as homogeneous
ISM.
4.2. Constraints on Fitting Parameters
In Table 1, we show the constraints of fitting param-
eters (η0, γB , θobs, p, E0,50, n0,0, e, B) and correspond-
ing characteristic parameters (θ0,Γ) for GW170817 and
14 good fit bursts. In Figure 1, we show the distri-
bution of GW170817 (red circle) and 14 short GRBs
(blue squares) in the (θ0, θobs) plane. GW170817 is
found to have a jet opening angle θ0 = 0.11
+0.02
−0.01 radians
= 6.3+1.1−0.6
◦. Remarkably, all short GRBs are also found
to have similar jet-like outflows. The mean and standard
deviation of jet opening angles is 0.12 ± 0.04 radians =
6.9◦± 2.3◦, which is consistent with that of GW170817.
For bursts with distinct jet breaks, jet opening angles
can be estimated from the observed jet breaks. Fong
et al. (2015) estimated the jet opening angle (θ0 = 3
◦-8◦)
for GRB 111020A from its jet break, which is consistent
with our value θ0 = 4.7
◦-6.5◦. θ0 may be lower since it
is limited by the upper boundary of γB,max = 12, which
corresponds to θ0,min = 0.08 radians = 4.6
◦. GW170817
and short GRBs share the same outflow structures with
γB & 9 corresponding to structured jets, and are out-
side the range γB = 1-2 corresponding to quasi-spherical
outflows.
For GW170817, the observation angle θobs = 0.53 ra-
dians = 30◦ is significantly larger than θ0 = 0.11 ra-
dians = 6.3◦, which indicates that it is viewed signif-
icantly off-axis, outside of the jet opening angle. For
short GRBs, the mean and standard deviation of obser-
vation angles is 0.06 ± 0.05 radians (3.4◦ ± 2.9◦). In
Figure 1, short GRBs (blue squares) are located below
the dash grey line (θobs = θ0), which indicates the line
of sight is located inside the cone of the outflow. We
note that GW170817 is the nearest event (z = 0.00973).
After the detection of the gravitational wave signal, it
attracted significant attention from the community and
was monitored intensively. On the other hand, the 14
short GRBs are cosmological (z = 0.12-2.6). The signifi-
cant difference of observation angles between GW170817
and cosmological short GRBs can be explained by obser-
vation bias. Most cosmological short GRBs are detected
on-axis, otherwise, they would be too weak to be con-
clusively detected.
In Figure 2, we show the fitting results of the charac-
teristic Lorentz factor (Γ ∼ 2η0γB) for GW170817 and
4Table 1. Parameter Constraints for GW170817 and the 14 Cosmological Short GRBs
η0 γB θobs p θ0 Γ log10E0,50 log10 n0,0 log10 e log10 B
GW170817a 7.9+1.3−1.4 9.4
+1.7
−2.1 0.529
+0.129
−0.072 2.15
+0.01
−0.01 0.11
+0.02
−0.03 149
+57
−54 −0.2+0.8−0.8 −2.0+0.7−1.0 −1.0+0.6−0.9 −3.6+1.3−1.4
050709 9.4+0.4−0.8 4.5
+1.0
−0.5 0.126
+0.008
−0.012 2.87
+0.01
−0.01 0.22
+0.04
−0.03 85
+23
−15 −0.1+0.4−0.6 −1.6+0.4−0.6 −0.3+0.2−0.3 −3.4+0.9−0.9
050724A 9.0+0.8−2.4 11.2
+0.6
−1.3 0.025
+0.019
−0.014 2.24
+0.14
−0.18 0.09
+0.00
−0.01 200
+29
−70 −1.1+0.1−0.1 −1.2+0.2−0.3 −0.4+0.1−0.1 −2.2+0.3−0.3
060313 9.6+0.3−0.9 9.5
+0.5
−0.7 0.007
+0.006
−0.004 2.09
+0.04
−0.03 0.10
+0.01
−0.01 183
+16
−29 −1.4+0.1−0.1 −1.1+0.1−0.1 −0.1+0.1−0.1 −1.7+0.1−0.1
061006 7.8+1.6−2.1 5.6
+2.8
−2.7 0.158
+0.093
−0.068 2.25
+0.25
−0.16 0.18
+0.06
−0.16 88
+70
−54 −0.6+0.7−0.6 −1.5+0.4−0.6 −0.6+0.4−0.8 −0.9+0.6−0.6
061201 6.3+2.6−3.3 7.1
+4.1
−4.1 0.149
+0.232
−0.133 2.55
+0.27
−0.34 0.14
+0.05
−0.19 90
+111
−71 0.5
+1.6
−2.1 −1.9+0.7−1.4 −0.8+0.6−1.1 −1.2+0.8−1.9
070724A 7.3+1.9−2.3 6.5
+3.1
−2.7 0.100
+0.070
−0.047 2.39
+0.30
−0.24 0.15
+0.05
−0.11 95
+81
−57 −0.8+0.9−0.6 −1.4+0.3−0.4 −0.6+0.4−0.8 −0.5+0.4−0.6
070809 7.9+1.4−2.1 7.7
+1.7
−1.8 0.045
+0.035
−0.026 2.05
+0.05
−0.03 0.13
+0.02
−0.04 122
+53
−53 −1.4+0.5−0.4 −1.2+0.2−0.4 −0.2+0.2−0.4 −2.1+0.4−0.6
080426 9.9+0.1−0.2 11.1
+0.6
−0.7 0.004
+0.003
−0.002 2.24
+0.11
−0.08 0.09
+0.00
−0.01 219
+15
−18 −2.0+0.1−0.1 −1.0+0.0−0.1 −0.0+0.0−0.1 −0.4+0.3−0.4
090510 8.9+0.9−2.2 9.2
+2.0
−1.5 0.016
+0.019
−0.010 2.15
+0.10
−0.07 0.11
+0.02
−0.02 164
+55
−60 −2.0+0.3−0.2 −1.1+0.1−0.2 −0.1+0.1−0.2 −1.3+0.3−0.2
091109B 7.7+1.6−2.4 9.1
+2.0
−2.3 0.049
+0.028
−0.021 2.13
+0.10
−0.08 0.11
+0.02
−0.04 140
+65
−69 1.6
+0.9
−1.1 −3.0+0.9−1.1 −1.4+0.9−1.1 −2.9+1.6−1.9
110112A 7.1+2.1−2.0 8.6
+2.1
−1.9 0.044
+0.029
−0.024 2.13
+0.13
−0.09 0.12
+0.02
−0.03 122
+74
−54 −1.7+0.5−0.3 −1.3+0.2−0.5 −0.3+0.2−0.5 −1.0+0.4−0.4
111020A 9.0+0.7−1.6 9.7
+1.4
−1.4 0.027
+0.026
−0.016 2.04
+0.15
−0.03 0.10
+0.01
−0.02 175
+40
−51 0.4
+0.7
−0.8 −1.6+0.4−0.7 −1.4+0.8−0.8 −0.7+0.5−0.7
111121A 6.9+2.2−2.8 10.0
+1.3
−2.0 0.028
+0.018
−0.013 2.27
+0.32
−0.19 0.10
+0.01
−0.02 138
+67
−72 2.2
+0.6
−0.9 −3.2+0.6−1.0 −0.7+0.5−0.8 −2.9+1.3−1.4
121226A 3.2+2.0−0.8 10.8
+0.9
−1.4 0.026
+0.011
−0.011 2.27
+0.33
−0.19 0.09
+0.01
−0.01 68
+52
−24 2.0
+0.7
−1.4 −2.2+0.7−0.9 −0.6+0.4−0.8 −3.2+1.8−1.5
Mean±Stdb 7.8±1.7 8.6±2.1 0.057±0.052 2.26±0.22 0.12±0.04 135±47 −0.3±0.4 −1.7±0.7 −0.5±0.4 −1.7±1.0
aWe have corrected the medians in Wu & MacFadyen (2018), which misreported the peaks of posterior distributions as the medians.
bMeans and standard deviations are calculated from the 14 cosmological short GRBs.
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Figure 1. Fit results of jet opening angle θ0 and obser-
vation angle θobs for GW170817 (red circle) and 14 short
GRBs (blue squares) in the plane (θ0, θobs). Jet opening an-
gles are estimated as θ0 ∼ 1/γB . Markers with error bars
indicate median values and symmetric 68% quantiles. The
grey dashed line indicates θobs = θ0.
14 short GRBs. GW170817 has Γ ≈ 150, which fits well
within the range of short GRBs (Γ = 135± 47).
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Figure 2. Fit results of the characteristic Lorentz factor
Γ (left) and the spectral index p (right) for GW170817 (red
circle) and 14 short GRBs (blue squares). Markers with error
bars indicate median values and symmetric 68% quantiles.
In Figure 2, we show the fitting results of the spectral
index p. GW170817 has a tight constraint p = 2.15+0.01−0.01,
since it has good observational data from all three bands.
The mean and standard deviation of short GRBs is
p = 2.26 ± 0.22. The spectral index of GW170817 is
consistent with those of short GRBs.
Figures 3 shows the distributions of GW170817 and 14
short GRBs in the (n0,0, E0,50) plane. GW170817 has
n0 ≈ 10−2 proton cm−3 and E0 ≈ 6× 1049 erg. Consid-
510 4 10 3 10 2 10 1
n0, 0
10 2
10 1
100
101
102
103
E 0
,5
0
GW170817
Figure 3. Fit results of explosion energy E0,50 and ISM
density n0,0 for 14 short GRBs (blue squares) and GW170817
(red circle). Markers with error bars indicate median values
and symmetric 68% quantiles.
ering the jet opening angle θ0 ≈ 0.11 radians, the corre-
sponding isotropic equivalent energy is Eiso ≈ 8 × 1052
erg. These values are located within the typical ranges of
short GRBs. Since n0,0 and E0,50 are degenerate param-
eters due to scaling relations, most of the bursts display
large error bars. Even though these degenerate param-
eters are not well constrained, we note that their un-
certainties can be marginalized out, and thus, will not
affect the constraints on non-degenerate parameters.
4.3. On-axis Light Curves
We have found that GW170817 and short GRBs share
similar outflow structures and other physical parame-
ters, except for the observation angle. Viewed off-axis,
GW170817 displayed exceptional behaviors, such as late
onset and early brightening. Short GRBs are viewed
on-axis and show a general decline shortly after prompt
emission. This leads to an interesting question: what
would be observed from GW170817 if the observer were
located on-axis?
In Figure 4, we show the X-ray afterglow observations
for GW170817 (red circles with error bars) and 27 cos-
mological short GRBs (grey squares with error bars).
The best-fitting light curve for GW170817 (red solid
line) fits the observational data very well. It captures
the late onset at around ∼ 9 days, the steady brighten-
ing up to ∼ 100 days and the turnover at ∼ 150 days.
Given the set of best-fitting parameters for GW170817,
we can generate the on-axis light curve by setting
θobs = 0 and leaving all other parameters unchanged.
The resulting on-axis light curve is shown in green dot-
ted line in Figure 4. It shows a monotonic decline, just
like other short GRBs. At late times, the on-axis light
curve coincides with the off-axis light curve. This is due
to the whole region of the decelerated outflow becoming
observable for both on-axis and off-axis observers.
Since GW170817 is a local event (dL = 39.5 Mpc), its
flux density is significantly higher than others. The me-
dian redshift for short GRBs is z = 0.46 (Fong et al.
2017). Using a benchmark ΛCDM cosmology with
H0 = 71 km s
−1Mpc−1 and Ωm = 0.27, the correspond-
ing luminosity distance can be calculated as dL ∼ 2500
Mpc. The inverse square factor can be roughly esti-
mated as 3× 10−4. The on-axis light curve adjusted for
the inverse square factor is shown as the blue dashed
line. Though located a little lower, it is consistent with
the observations from short GRBs. This reveals that
GW170817 is similar to short GRBs.
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Figure 4. X-ray afterglow observations for GW170817 (red
circles with error bars) and 27 cosmological short GRBs (grey
squares with error bars). Red solid line: the best-fitting light
curve (θobs = 0.53 radians = 30
◦). Green dotted line: the on-
axis light curve obtained by setting θobs = 0. Blue dashed
line: the on-axis light curve adjusted by an inverse square
distance factor of 3× 10−4.
5. DISCUSSION
We systematically compare the properties of GW170817
and a population of short GRBs by performing MCMC
analysis in the 8-dimension parameter space of hydro-
dynamic, radiation and observational parameters,
6We demonstrate that GW170817 and short GRBs
share the same outflow structure: a relativistic struc-
tured jet. The only difference in our analysis be-
tween GW170817 and the cosmological short GRBs is
that GW1701817 is viewed off-axis and the cosmologi-
cal short GRBs are viewed on-axis. The difference in
observation angle can explain the exceptional behav-
ior of the GW170817 afterglow light curve, such as the
late onset and early brightening. Other properties of
the GW170817 afterglow, including jet opening angle,
Lorentz factor and spectral index, are all consistent with
those of cosmological short GRBs.
We calculate the light curve for the GW170817 af-
terglow that on-axis viewers would have observed. It
shows a temporal decline consistent with cosmological
short GRBs. The similarity between GW170817 and
short GRBs indicates that cosmological short GRBs are
also neutron star mergers.
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